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APPARATUS AND ITS ARRANGEMENT
WITH DUCT TO DETERMINE FLOWABLE
MEDIUM PARAMETERS

TECHNICAL FIELD

The present disclosure relates to sensing devices and
attachments, and, more particularly, to an apparatus and a
method to determine various parameters of a flowable
medium flowing through a duct.

BACKGROUND

More often than not, it has been in practice to measure a
temperature of a flowable medium flowing through duct to
have constant check over the flowable medium. Sensing
devices, generally attached through suitable fittings or attach-
ments to the ducts, are adapted to determine temperature of
the flowable medium flowing through the ducts in order to
have constant check of the flowable medium. The sensing
devices may generally be placed inside or outside of the duct
to determine temperature of the flowable medium. Irrespec-
tive of the placement of the sensing devices, challenges have
always been in term of accuracy in determining the tempera-
ture of the flowable medium, which may arise due to, includ-
ing but not limited to, improper placement of the sensing
devices along or across the duct, improper selection of the
sensing devices and appropriate number and positioning of
the sensing devises either within or outside of the duct. Fur-
ther, such conventional sensing devices have also been gen-
erally limited for determining a single parameter, such as
temperature, oxygen, pressure, etc. of the flowable medium,
ignoring the fact that various other parameter may also at the
same time would be required to determine the condition of the
flowable medium. Furthermore, the fittings or attachments
utilized for attaching the sensing devices may also have been
quite complicated or uneconomical.

Such conventional sensing devices with fittings may have
generally been considered satisfactory for their intended pur-
poses, but may be unsatisfactory in terms of accuracy of
temperature of flowable medium and freedom of choice of
selection to determine variable parameters of the flowable
medium, and placement of the sensing devices over the duct
inuneconomical and complicated manner. Accordingly, there
exists a need to determine variable parameters of the flowable
medium and placement of the sensing devices over the duct in
an economical and effective manner.

SUMMARY

The present disclosure describes an apparatus and its
arrangement within a duct or a pipe to determine flowable
medium parameters, that will be presented in the following
simplified summary to provide a basic understanding of one
or more aspects of the disclosure that are intended to over-
come the discussed drawbacks, but to include all advantages
thereof, along with providing some additional advantages.
This summary is not an extensive overview of the disclosure.
Itis intended to neither identify key or critical elements of the
disclosure, nor to delineate the scope of the present disclo-
sure. Rather, the sole purpose of this summary is to present
some concepts of the disclosure, its aspects and advantages in
a simplified form as a prelude to the more detailed description
that is presented hereinafter.

An object of the present disclosure is to describe an appa-
ratus, which may be capable in accuracy of temperature and
oxygen determination of flowable medium and capable of
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having freedom of choice of selection to determine variable
parameters of the flowable medium. Further object of the
present disclosure is to describe an apparatus that is capable
of being placed or arranged with a duct in economical and
convenient to use. Various other objects and features of the
present disclosure will be apparent from the following
detailed description and claims.

The above noted and other objects, in one aspect, may be
achieved by an apparatus for determining at least one param-
eter of a flowable medium flowing through a duct. In other
aspects, above noted and other objects, may be achieved by an
arrangement between the apparatus and the duct, and a sys-
tem for determining at least one parameter of a flowable
medium flowing through a duct.

According to the above aspects of the present disclosure,
an apparatus mountable to a duct having a cross-section, for
determining at least one parameter of a flowable medium
flowing through the duct is disclosed. The apparatus includes
a mounting attachment and at least one combination of mul-
tiple sensing members configured thereto. Specifically, the
mounting attachment includes a conduit member, which has
first and second end portions, opposite to each other. Each of
the first and second end portions has an opening. The conduit
member comprises through hollow and elongated configura-
tion configured to transversely extend entirely into the duct
via aligned opposite holes, such that each of the holes
matches the respective openings to define a passageway to
enable a fluid flow therethrough to provide a reference fluid
adapted to determine the at least one parameter; and to cool
the apparatus heated by the heated flowable medium flowing
through the duct. Further, the at least one combination of
multiple sensing members adapted to be disposed specifically
onthe conduit member such that upon configuring the mount-
ing attachment with the duct, the at least one combination of
multiple sensing members is located within the duct to
directly being in contact with the flowable medium flowing
though the duct to determine the respective parameters of the
flowable medium. The at least one combination of multiple
sensing members includes at least one oxygen sensing ele-
ment and at least one temperature sensing element. The at
least one oxygen sensing element is capable of determining a
level of oxygen in the flowable medium flowing through the
duct, and the at least one temperature sensing element is
capable of determining the temperature of the flowable
medium flowing through the duct.

In one embodiment, a plurality of combination of multiple
sensing members may be disposed on the conduit members.
Specifically, the plurality of combination of multiple sensing
members may spaced apartly be disposed across the conduit
members such that upon configuring the mounting attach-
ment with the duct, each of the plurality of combination of
multiple sensing members disposed on the conduit member is
located within the duct to determine respective parameters
across the entire diameter of the duct.

In an embodiment, the one or various combination of mul-
tiple sensing member(s) is coupled to the conduit member
through a connector such that through hollow configuration
of the conduit member remains. The connector may be a
T-shaped hollow threaded connector that may include two
opposite lateral openings and a transversal opening. The lat-
eral openings are couple to the conduit member and the trans-
versal opening incorporates the least one combination of
multiple sensing members. The T-shaped hollow threaded
connector is connected to the bifurcated conduit member.

In one embodiment, the combination of multiple sensing
members may include two oxygen sensing element and one
temperature sensing element disposed therebetween. The



US 9,410,920 B2

3

oxygen sensing element may, without limiting, be an auto-
motive heated Zirconium oxide sensor. Further, temperature
sensing element may, without limiting, be a thermocouple.
The parameter of a flowable medium that may be determined,
including but not limited to, oxygen level and temperature of
the flowable medium using said suitable sensing members.
The additional parameters, such as level of carbon monoxide
in the flowable medium or flow velocity of the flowable
medium or other related parameter may also be determined
by the system upon arrangement of suitable sensing member,
without departing from the scope of the present disclosure. In
such embodiment, the at least one combination of multiple
sensing members includes at least one auxiliary sensing ele-
ment to determine additional parameters, such as level of
carbon monoxide in the flowable medium or flow velocity of
the flowable medium or other related parameter.

In one embodiment of the present disclosure, the mounting
attachment includes a fixture arrangement to releasably and
movably mount the mounting attachment to the duct across
each of the holes. The fixture arrangement includes a bolt-
flange assembly adapted to releasably attach the first end
portion of the conduit member to the duct across one of the
hole. The fixture arrangement also includes a slip-fit assem-
bly adapted to releasably and movably attach the second end
portion of the conduit member to the duct across the other
hole. The slip-fit assembly is adapted to enable movement of
the second end portion to adjust differential length of the
conduit member versus the duct 200 which arises due to
heating effect of the flowable medium flowing across the
duct.

In one embodiment of the present disclosure, the bolt-
flange assembly may include a fan configured at the first end
portion along the opening for regulating a desired fluid flow
through the passageway.

The passageway on one hand is capable of enabling the
fluid from the fan to flow therethrough to serve as a reference
for a parameter determined by the sensing members. Based
on the fluid flow from the fan flowing through the passage-
way, the sensing member is configured and adapted to com-
pare a percentage of parameter determined by the sensing
member, in the flowable medium flowing through the duct
verses a percentage of parameter of the fluid flowing through
the passageway. This comparison may also be used to verify
whether or not the sensing members are working, and to
periodically calibrate thereto online.

On the other hand, the passageway may be capable of
enabling the fluid from the fan to flow therethrough to cool the
apparatus, which may be heated due to heating effect of the
flowable medium flowing through the duct.

In one embodiment of the present disclosure, the apparatus
may also include an air nozzle member. The air nozzle mem-
ber is configured to the mounting attachment to periodically
clean the at least one combination of multiple sensing mem-
bers. The air nozzle member may also be utilized for injecting
reference fluid for calibration and verifying sensor working
condition. In further embodiment, the apparatus may further
includes a protective filter member, which may be configured
to be installed over the at least one combination of multiple
sensing members. The air nozzle member and the protective
filter member both are capable of controlling dust deposition
to minimize fouling and plugging of the combination of mul-
tiple sensing members.

In another aspect of the present disclosure, an arrangement
between the apparatus as disclosed above and duct, is dis-
closed. In further aspect of the present disclosure, a system
incorporating the arrangement between the apparatus and
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duct, and an electronic module for determining at least one
parameter of a flowable medium flowing through the duct, is
disclosed.

These together with the other aspects of the present disclo-
sure, along with the various features of novelty that charac-
terize the present disclosure, are pointed out with particularity
in the present disclosure. For a better understanding of the
present disclosure, its operating advantages, and its uses,
reference should be made to the accompanying drawings and
descriptive matter in which there are illustrated exemplary
embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages and features of the present disclosure will
be better understood with reference to the following detailed
description and claims taken in conjunction with the accom-
panying drawing, wherein like elements are identified with
like symbols, and in which:

FIG. 1 illustrates an example of an apparatus (encircled)
for determining at least one parameter of a flowable medium
flowing through a duct, in accordance with an exemplary
embodiment of the present disclosure;

FIG. 2 illustrates a top view of an example of a combination
of multiple sensing members of the apparatus of FIG. 1, in
accordance with another exemplary embodiment of the
present disclosure;

FIGS. 3A and 3B, respectively, illustrate side and rear
views of an arrangement between the apparatus of FIG. 1 and
a duct, in accordance with an exemplary embodiment of the
present disclosure;

FIG. 4 illustrates a combination of multiple sensing mem-
bers and its example connecting feature, in accordance with
an exemplary embodiment of the present disclosure; and

FIG. 5 illustrates a block diagram depicting a system for
determining at least one parameter of a flowable medium
flowing through a duct, in accordance with an exemplary
embodiment of the present disclosure.

Like reference numerals refer to like parts throughout the
description of several views of the drawings.

DETAILED DESCRIPTION

For a thorough understanding of the present disclosure,
reference is to be made to the following detailed description,
including the appended claims, in connection with the above
described drawings. In the following description, for pur-
poses of explanation, numerous specific details are set forth in
order to provide a thorough understanding of the present
disclosure. It will be apparent, however, to one skilled in the
art that the present disclosure can be practiced without these
specific details. In other instances, structures and apparatuses
are shown in block diagrams form only, in order to avoid
obscuring the disclosure. Reference in this specification to
“one embodiment,” “an embodiment,” “another embodi-
ment,” “various embodiments,” means that a particular fea-
ture, structure, or characteristic described in connection with
the embodiment is included in at least one embodiment of the
present disclosure. The appearance of the phrase “in one
embodiment” in various places in the specification are not
necessarily all referring to the same embodiment, nor are
separate or alternative embodiments mutually exclusive of
other embodiments. Moreover, various features are described
which may be exhibited by some embodiments and not by
others. Similarly, various requirements are described which
may be requirements for some embodiments but may not be
of other embodiment’s requirement.

2 <
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Although the following description contains many specif-
ics for the purposes of illustration, anyone skilled in the art
will appreciate that many variations and/or alterations to
these details are within the scope of the present disclosure.
Similarly, although many of the features of the present dis-
closure are described in terms of each other, or in conjunction
with each other, one skilled in the art will appreciate that
many of these features can be provided independently of
other features. Accordingly, this description of the present
disclosure is set forth without any loss of generality to, and
without imposing limitations upon, the present disclosure.
Further, the relative terms, such as “first,” “second,” and the
like, herein do not denote any order, elevation or importance,
but rather are used to distinguish one element from another.
Further, the terms “a” and “an” herein do not denote a limi-
tation of quantity, but rather denote the presence of at least
one of the referenced item.

Referring now to FIGS. 1 to 5, examples of an apparatus
100 for or determining parameters of a flowable medium
flowing through the duct 200, are illustrated in accordance
with an exemplary embodiment of the present disclosure.
FIG. 1 illustrates a perspective of the apparatus 100 in coor-
dination with the duct 200, whereas FIG. 2 illustrates a com-
bination of multiple sensing members of the apparatus 100 of
FIG. 1. Further, FIGS. 3A and 3B illustrate specifically the
apparatus 100 assembled to the duct 200. Furthermore, FIG.
4 illustrates an example connector for connecting the combi-
nation of multiple sensing members in forming the apparatus
100. FIG. 5 illustrates a system comprising the apparatus 100.
In as much as the construction and arrangement of the appa-
ratus 100 various associated elements may be well-known to
those skilled in the art, it is not deemed necessary for purposes
of acquiring an understanding of the present disclosure that
there be recited herein all of the constructional details and
explanation thereof. Rather, it is deemed sufficient to simply
note that as shown in FIGS. 1 to 5, in the apparatus 100 and its
arrangement with the duct 200 or with any other system, only
those components are shown that are relevant for the descrip-
tion of various embodiments of the present disclosure.

As shown in FIGS. 1 to 4, the apparatus 100 includes a
mounting attachment 110 and at least one combination of
multiple sensing members 130 configured to the mounting
attachment 110. The mounting attachment 110 includes a
conduit member 120, which defines through hollow and elon-
gated configuration, and has first and second end portions
112, 114 opposite to each other, seen in FIGS. 3A and 3B.
Each of the first and second end portions 112, 114 of the
conduit member 120 has an opening 116. In one embodiment,
the conduit member 120 may be a through hollow pipe made
of suitable material, such as metal or ceramic etc., that has
capability to withstand high temperature up to the level of the
temperature of flowable medium flowing through the duct
200. The apparatus 100 is mountable to the duct 200 for
analysis for flowable medium flowing through the duct 200,
in a direction as shown by arrow ‘A, in FIG. 3A, using the
mounting attachment 110.

To mount the apparatus 100 with the duct 200, the mount-
ing attachment 110 comprises a fixture arrangement 140, seen
in FIGS. 3A and 3B. The fixture arrangement 140 may releas-
ably and movably mount the mounting attachment 110 to the
duct 200. In one embodiment, the fixture arrangement 140
may include a bolt-flange assembly 142 and a slip-fit assem-
bly 144. The bolt-flange assembly 142 may releasably attach
the first end portion 112 of the conduit member 120 to the duct
200. Further, the slip-fit assembly 144 may releasably and
movably attach the second end portion 114 of the conduit
member 120 to the duct 200. The slip-fit assembly 144 may
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6

enable movement of the second end portion 114 to adjust
differential length of the conduit member 120 versus the duct
200 which arises due to heating effect of the flowable medium
flowing through the duct 200.

The apparatus 100 includes at least one combination of
multiple sensing members 130 that may be disposed on the
conduit member 120. In one embodiment, one combination
of multiple sensing members 130 may be disposed on the
conduit member 120 at any desired location as per the
requirement, however, in another embodiment, a plurality of
combination of multiple sensing members 130 may be dis-
posed spaced apartly across the conduit members 120. As
shown in example FIGS. 1 and 3A, three (3) and two (2),
respectively, such combination of multiple sensing members
130 are disposed spaced apartly across the conduit members
120, however, without departing from the scope of the present
disclosure any required number of such combination of mul-
tiple sensing members 130 across the conduit members 120.
The combination of multiple sensing members 130 is capable
of determining various parameters related to the flowable
medium flowing through the duct 200.

An example FIG. 2 illustrates the combination of multiple
sensing members 130 as per one embodiment of the present
disclosure. The combination of multiple sensing members
130 may include at least one oxygen sensing element 132 and
at least one temperature sensing element 134 to respectively
determine a level of oxygen in the flowable medium and the
temperature of the flowable medium flowing through the duct
200.

In one embodiment of the present disclosure, the combi-
nation of multiple sensing members 130 may include two
oxygen sensing element 132 and one temperature sensing
element 134 disposed between the two oxygen sensing ele-
ment 132. In such embodiment, the oxygen sensing element
132 may be an automotive heated Zirconium oxide sensor,
and the temperature sensing element 134 may be a thermo-
couple. However, without departing from the scope of the
present disclosure, any other oxygen sensing element or tem-
perature sensing element, other than the disclosed ones may
be utilized as per the requirement.

The combination of multiple sensing members 130 may be
disposed on the conduit member 120. The combination of
multiple sensing members 130 may directly be coupled to the
conduit member 120 or may be coupled through suitable
connectors as per the requirement.

In an example embodiment, as shown in FIG. 4, the com-
bination of multiple sensing members 130 may be coupled to
the conduit member 120 by utilizing suitable connector, such
as a connector 136. The connector 136 couples the combina-
tion of multiple sensing members 130 with the conduit mem-
ber 120 in such a manner that the through hollow configura-
tion of the conduit member 120 remains. For example, the
connector 136 may be a T-shaped hollow threaded connector
that includes two opposite threaded lateral openings 136a,
1364 and a threaded transversal opening 136¢. The lateral
openings 136a, 1365 couple the conduit member 120, and the
transversal opening 136¢ incorporates the combination of
multiple sensing members 130. To couple the connector 136
with the conduit member 120 from across the lateral openings
136a, 1365, the conduit member 120 may need to be bifur-
cated into two parts and threaded to be incorporated across the
threaded lateral openings 1364, 1365.

In FIGS. 3A and 3B, an arrangement 300 between the
apparatus 100 and the duct 200 having a cross-section 202 for
determining parameters of the flowable medium flowing
through the duct 200 is depicted. As shown, a plurality of
apparatuses, such as the apparatuses 100 are adapted to be
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arranged across the cross-section 202 of the duct 200 in a
spaced relation. Such arrangement of the various apparatuses
100 defines a grid 310 across the cross-section 202 of the duct
200. Each apparatus 100 are arranged to the duct 200, and
releasably and movably mounted to the duct 200 through the
fixture arrangement 140. Specifically, firstly, the conduit
member 120 in each apparatus 100 is inserted entirely into the
duct 200 via aligned opposite holes 204 configured on the
duct 200, such that the openings 116 at of the first and second
end portions 112, 114 match with the respective aligned
opposite holes 204.

Secondly, each end portions 112 and 114 of the respective
conduit member 120 in the respective apparatus 100 are
coupled utilizing respectively the bolt-flange assembly 142
and the slip-fit assembly 144 of the fixture arrangement 140.
Specifically, the bolt-flange assembly 142 is adapted to
releasably attach the first end portion 112 of the conduit
member 120 to the duct 200 across one of the hole 204, and
the slip-fitassembly 144 is adapted to releasably and movably
attach the second end portion 114 of the conduit member 120
to the duct 200 across the other hole 204, wherein the slip-fit
assembly 144 enables movement of the second end portion
114 to adjust differential length of the conduit member 120
arises due to heating effect of the flowable medium flowing
through the duct 200. Coupling of the opened first and second
end portions 112, 114 of the conduit member 120 to the duct
200 across the opposite holes 204 defines a passageway 122
of the conduit member 120.

In one embodiment of the present disclosure, the passage-
way 122 is capable of enabling a fluid to flow in a direction as
shown by arrow ‘B,” in FIG. 3A, to cool the apparatus 100 and
its components, which may be heated by the heated flowable
medium flowing through the duct 200. In one embodiment of
the present disclosure, each of the bolt-flange assembly 142
may include a fan 146 configured at the first end portion 112
along the opening 116 for regulating the desired fluid flow
through the passageway 122.

Coupling of the various conduit members 120 with the duct
200 forms two dimensional grid 310 across the entire cross-
section 202 of the duct 200. The combination of multiple
sensing members 130 on each conduit members 120, forming
such grid 310, is located within the duct 200 to directly be in
contact with the flowable medium flowing though the duct
200. The grid 310 enables determination of a plurality of data
with respect to the level of oxygen and the temperature of the
flowable medium from side-to-side or top-to-bottom across
the entire cross-section 202 of the duct 200. As mentioned
above, at each location of the combination of multiple sensing
members 130 on the conduit member 120, two oxygen sens-
ing element 132, such as automotive heated zirconium oxide
sensor, and one temperature sensing element 134, such ther-
mocouple is provided.

In another embodiment of the present disclosure, the fluid
flowing through the passageway 122, apart from cooling the
apparatus 100 and its components as described above, is
capable of serving as a reference for the oxygen via the
sensing members 132, particularly, the automotive zirconium
oxide sensors. zirconium oxide sensors work by comparing
the percentage or oxygen on two sides of the sensors, i.e.
percentage of oxygen in the flowable medium flowing
through the duct 200 verses fluid flowing through the pas-
sageway 122. The reference fluid is drawn by the fan 146 into
the passageway 122 at the sensing members 132 area. The
reference fluid is also used when verifying whether or not the
sensing members 132 are working, and to periodically cali-
brate thereto online. In one embodiment, an air nozzle mem-
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ber 150 (as shown in FIG. 4) may be utilized for injecting
calibration reference fluids for sensor calibration and verify-
ing sensor working condition.

The same air nozzle member 150, in another embodiment,
may also be utilized to control dust deposition on the combi-
nation of multiple sensing members 130 in order to minimize
fouling and plugging thereof. The air nozzle member 150
may be configured to the mounting attachment 110 to peri-
odically clean the combination of multiple sensing members
130 to control dust deposition and also be utilized for inject-
ing calibration reference fluid for calibration and verifying
sensor working condition. In further embodiment, for pre-
venting dust deposition on the combination of multiple sens-
ing members 130, a protective filter member 160 may also be
configured to be installed over the combination of multiple
sensing members 130 to control dust deposition. The protec-
tive filter member 160 may be a porous mesh finer than the
particles flowing with the flowable medium.

Several such oxygen sensing element 132 and thermo-
couple 134 across the grid 310 allow several forms of on-line
checking. The oxygen concentration at each location within
the duct 200 is expected to vary over time, sometimes rapidly
as combustion condition changes. The two oxygen sensing
elements 132 at a particular location in the duct 200 may give
almost identical average readings over a period of several
seconds. Comparing instantaneous readings of the two oxy-
gen sensing elements 132 at each location can detect if one
oxygen sensing elements 132 out of the two have failed or
become plugged due to ash or other contaminants present in
the flowable medium. Such plugged sensing elements will
change value more slowly than a clean sensing element.
Failed sensing elements 132 may provide a steady or off-scale
value.

Similar comparison, with a wider tolerance, may be made
across the oxygen sensing elements 132 at different locations
in the duct 200. For example, if large quantities of ash are
carried in the flowable medium at a bottom of the duct 200,
the lower elevation oxygen sensing elements 132 across the
grid 310 may plug up while the upper elevation oxygen sens-
ing elements 132 in the duct 200 are clean.

Thermocouples 134 are less likely to have failures due to
fouling and may or may not be duplicated at each measure-
ment location.

Referring now to FIG. 5, which illustrates a block diagram
depicting a system 400 for determining parameter of the
flowable medium flowing through the duct 200. The system
400 will be described in conjunction to FIGS. 1 to 4, and
reference of various elements is taken therefrom while
describing FIG. 5. The system 400 incorporates the arrange-
ment 300 between the apparatus 100 and the duct 200, as
described above, to electrically couple thereto with an elec-
tronic module 410. Specifically, the combination of multiple
sensing members 130 in the apparatus 100 is electrically
coupled to the electronic module 410.

The electronic module 410 is adapted to analyze a pattern
of'the at least one of the level of oxygen and the temperature
of the flowable medium across the cross-section 202 of the
duct 200 based on the plurality of data inrelation to the at least
one parameter, such as the level of oxygen in the flowable
medium and the temperature of the flowable medium. Such an
electrical coupling between the electronic module 410 and
the combination of multiple sensing members 130 is enabled
by wirings, which passes through the passageway 122 of the
conduit member 120 and may be cooled by the fluid flow
upon being heated by the heated flowable medium flowing
through the duct 200.
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Throughout the disclosure, it is described that the param-
eter of a flowable medium that may be determined are oxygen
level and temperature of the flowable medium using said
suitable sensing members. However, the disclosure is not
intended to limit its scope for only measuring oxygen level
and temperature of the flowable medium, but it extends to
include, with departing from the scope of the present disclo-
sure, any or other additional parameters, such as level of
carbon monoxide in flowable medium or flow velocity of the
flowable medium or other related parameter that may also be
determined by the system upon arrangement of suitable sens-
ing member. In such embodiment, the at least one combina-
tion of multiple sensing members 130 may include at least
one auxiliary sensing element (not shown) to determine addi-
tional parameters, such as level of carbon monoxide in the
flowable medium or flow velocity of the flowable medium or
other related parameter. The auxiliary sensing element may
be similarly configured as other sensing member with the
apparatus 100.

The apparatus, arrangement and the system for determin-
ing at least one parameter of a flowable medium flowing
through a duct of the present disclosure are advantageous in
various scopes. The apparatus has accuracy of temperature
determination of flowable medium and capable of having
freedom of choice of selection to determine variable param-
eters of the flowable medium. Further, the apparatus is
capable of being placed or arranged with a duct in economical
and convenient to use to form a grid for accurately determin-
ing the various data related to the flowable medium. Such grid
of measurement points gives more accurate average values
than one or two sensors as used in conventional ducts, and
allows the detection of side-to-side or top-to-bottom flow
imbalances, and provides enough redundancy that reasonable
measurements may still be provided after a few sensing mem-
bers in the grid are failed.

Further, combining various sensing members, such as oxy-
gen sensing members and temperature sensing members pro-
vide several benefit over separate sensors as used convention-
ally. For example, a minimum number of new mounting
assemblies and penetration into the duct are required. Such
mounting arrangement permits additional measurement
points to be added to the grid at relatively low cost by increas-
ing the number of sensing members in each conduit member.
Further, single electronic module and common power supply
with control electronics supports multiple sensing members
with a single connection. Furthermore, the smaller number of
mounting assemblies and external wiring reduce installation
time and cost as compared to the conventional sensor fittings.
The apparatus may also be easily disassembled and trans-
ported to the site of installation. The apparatus and method are
convenient to use and economical. Various other advantages
and features of the present disclosure are apparent from the
above detailed description and appendage claims.

The foregoing descriptions of specific embodiments of the
present disclosure have been presented for purposes of illus-
tration and description. They are not intended to be exhaus-
tive or to limit the present disclosure to the precise forms
disclosed, and obviously many modifications and variations
are possible in light of the above teaching. The embodiments
were chosen and described in order to best explain the prin-
ciples ofthe present disclosure and its practical application, to
thereby enable others skilled in the art to best utilize the
present disclosure and various embodiments with various
modifications as are suited to the particular use contemplated.
It is understood that various omission and substitutions of
equivalents are contemplated as circumstance may suggest or
render expedient, but such are intended to cover the applica-
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tion or implementation without departing from the spirit or
scope of the claims of the present disclosure.

What is claimed is:
1. Anapparatus mountable to a ducthaving a cross-section,
for determining at least one parameter of a flowable medium
flowing through the duct, the apparatus, comprising:
a conduit member, defining first and second end portions
opposite to each other, each of the first and second end
portions having an opening, wherein the conduit mem-
ber comprises a through hollow and elongated configu-
ration configured to transversely extend entirely into the
duct via aligned opposite holes such that each of the
holes matches the respective openings to thereby define
a passageway to enable a fluid flow therethrough apart
from the flowable medium flowing through the duct; and
at least one combination of multiple sensing members
adapted to be disposed on the conduit member within the
duct, and to be in contact with the flowable medium
flowing though the duct, wherein the at least one com-
bination of multiple sensing members comprises,
at least one oxygen sensing element to determine a level
of oxygen in the flowable medium flowing through
the duct, and

at least one temperature sensing element to determine
the temperature of the flowable medium flowing
through the duct.

2. The apparatus as claimed in claim 1, wherein the at least
one combination of multiple sensing members comprises a
plurality of combination of multiple sensing members dis-
posed spaced apart across the conduit member located within
the duct to determine respective parameters across the entire
diameter of the duct.

3. The apparatus as claimed in claim 1, further comprising
aconnector to couple the at least one combination of multiple
sensing members with the conduit member such that the
through hollow configuration of the conduit member remains.

4. The apparatus as claimed in claim 3, wherein the conduit
member is bifurcated; and wherein the connector is a
T-shaped hollow threaded connector that comprises two
opposite lateral openings and a transversal opening, wherein
the lateral openings couple to the conduit member, and the
transversal opening incorporates the least one combination of
multiple sensing members, and wherein the T-shaped hollow
threaded connector is coupled to the bifurcated conduit mem-
ber.

5. The apparatus as claimed in claim 1, wherein the at least
one combination of multiple sensing members comprises two
oxygen sensing elements and one temperature sensing ele-
ment disposed therebetween.

6. The apparatus as claimed in claim 1, wherein the at least
one oxygen sensing element is an automotive heated zirco-
nium oxide sensor.

7. The apparatus as claimed in claim 1, wherein the fluid
flowing through the passageway apart from the flowable
medium flowing through the duct, is a reference fluid.

8. The apparatus as claimed in claim 1, wherein the mount-
ing attachment comprises a fixture arrangement to releasably
and movably mount the mounting attachment to the duct
across each of the holes, the fixture arrangement comprising:

a bolt-flange assembly adapted to releasably attach the first
end portion of the conduit member to the duct across one
of the hole; and

a slip-fit assembly adapted to releasably and movably
attach the second end portion of the conduit member to
the duct across the other hole, wherein the slip-fit assem-
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bly enables movement of the second end portion to

adjust differential length of the conduit member versus

the duct.

9. The apparatus as claimed in claim 8, wherein the bolt-
flange assembly comprises a fan configured at the first end
portion along the opening for regulating a desired fluid flow
through the passageway apart from the flowable medium
flowing through the duct.

10. The apparatus as claimed in claim 9, wherein the pas-
sageway is capable of enabling the fluid from the fan to flow
therethrough apart from the flowable medium flowing
through the duct to cool the apparatus, when heated due to a
heating effect of the flowable medium flowing through the
duct.

11. The apparatus as claimed in claim 9, wherein the pas-
sageway is capable of enabling the fluid from the fan to flow
therethrough apart from the flowable medium flowing
through the duct to serve as the reference fluid for the param-
eter determination by the sensing members.

12. The apparatus as claimed in claim 11, wherein, the
sensing member, based on the fluid flow from the fan flowing
through the passageway is configured and adapted to compare
apercentage of parameter determined by the sensing member
in the flowable medium flowing through the duct verses a
percentage of parameter of the fluid flowing through the
passageway.

13. The apparatus as claimed in claim 1 further comprising
an air nozzle member disposed on the conduit to periodically
clean the at least one combination of multiple sensing mem-
bers.

14. The apparatus as claimed in claim 1 further comprising
a protective filter member configured to be installed over the
at least one combination of multiple sensing members.

15. The apparatus as claimed in claim 1 wherein the at least
one combination of multiple sensing members comprises at
least one auxiliary sensing element to determine the at least
one parameter of flowable medium flowing through the duct.

16. An arrangement for determining at least one parameter
of'a flowable medium flowing through a duct having a cross-
section, the arrangement comprising:

aplurality of apparatuses adapted to be arranged across the

cross-section of the duct in a spaced relation to define a

grid across the cross-section, wherein each of the plu-

rality of apparatus comprises,

a conduit member defining first and second end portions
opposite to each other, each of the first and second end
portions has an opening, wherein the conduit member
comprises a through hollow and elongated configura-
tion configured to transversely extend entirely into the
duct via aligned opposite holes such that each of the
holes matches the respective openings to define a
passageway to enable a fluid flow therethrough apart
from the flowable medium flowing through the duct;
and

at least one combination of multiple sensing members
adapted to be disposed on the conduit member, the at
least one combination of multiple sensing members
being in contact with the flowable medium flowing
though the duct to determine respective parameters of
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the flowable medium, wherein the at least one com-

bination of multiple sensing members comprises,

at least one oxygen sensing element to determine a
level of oxygen in the flowable medium flowing
through the duct, and

at least one temperature sensing element to determine
the temperature of the flowable medium flowing
through the duct.

17. The arrangement as claimed in claim 16, wherein the
grid formed by the plurality of apparatuses within the duct
detects a level of oxygen and temperature of the flowable
medium across the entire cross-section of the duct through the
at least one combination of multiple sensing members.

18. The arrangement as claimed in claim 16, wherein the
grid defines a plurality of locations across the length of the
duct and detects a level of oxygen and temperature of the
flowable medium across the entire cross-section of the duct.

19. A system for determining at least one parameter of a
flowable medium flowing through a duct having a cross-
section, the system, comprising:

an arrangement between the duct and a plurality of appa-

ratuses, wherein the plurality of apparatuses is arranged

across the cross-section of the duct in a spaced relation
defining a grid across the cross-section, wherein each of
the plurality of apparatuses, comprises,
a conduit member defining first and second end portions
opposite to each other, each of the first and second end
portions has an opening, wherein the conduit member
comprises a through hollow and elongated configura-
tion configured to transversely extend entirely into the
duct via aligned opposite holes such that each of the
holes matches the respective openings to thereby
define a passageway to enable a fluid flow there-
through apart from the flowable medium flowing
through the duct; and
at least one combination of multiple sensing members
adapted to be disposed on the conduit member, the at
least one combination of multiple sensing members is
located within the duct to directly being in contact
with the flowable medium flowing though the duct to
determine the respective parameters of the flowable
medium, the at least one combination of multiple
sensing members having,
at least one oxygen sensing element to determine a
level of oxygen in the flowable medium flowing
through the duct, and

at least one temperature sensing element to determine
the temperature of the flowable medium flowing
through the duct;

and

an electronic module electrically coupled to each of the at

least one combination of multiple sensing members.

20. The system as claimed in claim 19, wherein the elec-
tronic module is coupled to the sensing members via conduc-
tive wires, disposed through the passageway of the conduit
member and is cooled by the fluid flow in the passageway
upon being heated by the heated flowable medium flowing
through the duct.



